Objectives: To test whether or not vascularized interpositional periosteal-connective tissue grafts are as successful as free subepithelial connective tissue grafts in augmenting volume defects in the anterior maxilla.
Several factors such as tooth loss, periodontal diseases, trauma and congenital diseases can cause ridge defects (Fiorellini & Nevins 2003; Gasparini 2004 ). These defects often need to be augmented for an optimal prosthetic restoration with respect to esthetics, phonetics and hygiene (Seibert 1983a) . Soft tissue augmentation procedures have widely been used for surgical correction of localized alveolar ridge defects, for pre-prosthetic site development and for ridge preservation (Seibert & Salama 1996; Studer et al. 2000) . Several methods using autogenous grafts have been described for pontic site development in partially edentulous patients (Prato 2004; Thoma et al. 2009 ). These techniques include subepithelial connective tissue grafts (Garber & Rosenberg 1981) , onlay grafts (Seibert 1983b) , connective tissue pedicle grafts (Scharf & Tarnow 1992) and their modifications (Sclar 2003; Kim et al. 2012) . Among these techniques, subepithelial connective tissue grafts and free gingival grafts are often used and lead to successful clinical results (Langer & Calagna 1980; Abrams 1980) . Free subepithelial connective tissue grafts are generally preferred over free gingival grafts especially in areas with high esthetic impact due to their advantages regarding the gain of tissue volume as well as better color and texture match (Edel 1974; Nemcovsky et al. 2000) . Even though free connective tissue grafts are widely used for soft tissue augmentation, it has previously been reported that an important disadvantage of these procedures was the significant shrinkage of the grafts following the augmentation procedure (M€ ormann et al. 1981; Studer et al. 2000; Thoma et al. 2010 ). To overcome this disadvantage, pedicle connective grafts have been applied for ridge defects augmentation and successful clinical results have been reported (Abrams 1980; Scharf & Tarnow 1992; Sclar 2003; Park & Wang 2012) . It has been speculated that pediculated connective tissue grafts result in less shrinkage because of the intact blood supply during the healing period (Sclar 2003) . This hypothesis, however, has never been substantiated with studies comparing the long-term stability of free and pedicle connective tissue grafts. Although different established and newly developed materials and techniques for ridge augmentation have been tested using clinical protocols, there is still a lack of information about the stability of augmented tissues and applying these procedures. The aim of this randomized controlled clinical trial was, therefore, to test whether or not vascularized interpositional periosteal-connective tissue grafts (VIP-CTG) are as successful as free subepithelial connective tissue grafts (CTG) in augmenting volume defects of the alveolar ridge in the maxillary anterior area and in maintaining the volume augmented.
Material and methods

Study design
This study was designed as a randomized, controlled clinical trial (Appendix S1) and was conducted at Ege University, School of Dentistry, Department of Periodontology, _ Izmir, Turkey between January 2010 and September 2011. Volumetric evaluation was performed at the University of Zurich, Center of Dental Medicine, Department of Fixed and Removable Prosthodontics and Dental Material Science, Zurich, Switzerland. Twenty patients with single tooth gaps in the maxillary anterior area presenting Seibert Class I ridge defects were included in the study (Fig. 1a) . The healing period after the tooth extraction had to be at least 3 months prior to the surgical procedures. To be included in the study, patients also had to be systemically and periodontally healthy non-smokers. Patients with general contraindications against surgical procedures were excluded. The study was conducted in accordance with ethical principles, including the World Medical Association Declaration of Helsinki. The study protocol was explained to the patients, and written informed consent was received from each individual before participation. within a month prior to surgery (baseline) and 1, 3 and 6 months postoperatively (Fig. 2) .
Clinical periodontal measurements
Patients were initially examined. All patients received oral hygiene instructions, and non-surgical periodontal treatment was performed if necessary. At baseline, clinical periodontal measurements including plaque control record (O'Leary et al. 1972) , bleeding on probing (BOP) (Ainamo & Bay 1975) , probing depth (PD) and clinical attachment level (CAL) were recorded at teeth adjacent to the gap using a Williams periodontal probe (Hu-Friedy, Chicago, IL, USA).
Impressions were taken using high viscosity silicon impression material (GC Exaflex; GC Corporation, Tokyo, Japan). Models were cast in dental stone and used as the baseline reference for volumetric measurements (GC Fujirock type 4; GC Corporation, Tokyo, Japan). One, 3 and 6 months after the surgical volume augmentation procedure, clinical periodontal measurements were recorded, impressions were retaken and models were cast.
Surgical procedures
Randomization was performed immediately before the surgery using computer-generated lists, and subjects were assigned equally to one of two treatment groups: In the test group, a modified VIP-CTG was performed (Sclar 2003) . In the control group, a free subepithelial CTG, harvested from the palate, was used (Garber & Rosenberg 1981) (Fig. 1) .
In both groups, after local anesthesia (2% lidocaine, 1 : 100 000 epinephrine), incisions were placed over the crest of the ridge reaching to alveolar bone (Fig. 1b) . Papillae were included in the incision line only when there was a loss of papillary height. A deep supraperiosteal soft tissue pouch was prepared by sharp dissection extending apically to the mucogingival line and to the neighboring teeth mesio-distally in both groups (Fig. 1c) . In the control group, the pouch was extended 2 mm to the palatal aspect of the defect area. Subsequently, a free subepithelial connective tissue graft measuring 5 9 10 mm was harvested from the contralateral palate using the trap door approach (Edel 1974) (Fig. 1d ,f). The donor site was closed by horizontal and single interrupted sutures 6-0 Polypropylene (Blue Monofilament, 13 mm, 3/8 Circle, 45 cm; Ethicon, Norderstedt, Germany). The free gingival graft was trimmed using a surgical blade to a dimension 5 9 10 mm and a thickness of 1-1.5 mm as measured by a ruler and a caliper. Subsequently, the graft was inserted into the pouch that was previously prepared at the recipient site ( Fig. 1h ) and secured with two non-resorbable sutures at the labial and the palatal aspect (Fig. 1i) . The flap margins at the crest were adapted using single interrupted sutures (Fig. 1j) .
In the test group, a pediculated subepithelial connective tissue graft also measuring 5 9 10 mm was prepared at the ipsilateral palatal area. The pediculated connective tissue graft was undermined using a blade, a forceps and a small raspatorium, then mobilized and rotated into the pouch at the recipient site (Fig. 1e ,g,h). It was secured by sutures in the same manner as in the control group (Fig. 1i,j) . Wound closure was achieved as in the control group.
Patients were instructed to avoid mechanical cleaning in the area of surgery, to apply a cold pack during the first 6 h after the surgery and to rinse with a chlorhexidine 0.12% solution twice a day for 10 days. No antibiotics were prescribed. The pontic of the provisional partial removable prosthesis was adapted to avoid pressure on the augmented tissue. Sutures were removed after 10 days. After a 6-month healing period, final fixed prosthetic reconstructions were placed.
(h) Connective tissue graft is inserted into the pouch (i) Graft is sutured using horizontal matrix sutures (j) Appropriate flap closure obtained using interrupted sutures 
Volumetric analysis to evaluate soft tissue volume changes
To evaluate the volumetric changes of soft tissues between baseline and 6 months, all the stone models were digitized using a labbased optical scanner (Imetric 3D GmbH, Courgenay, Switzerland). The digital surface models were imported as STL files into the software for volumetric analysis (Swimmeda/SMOP, Z€ urich, Switzerland). Digital cast models representing the different time points during the treatment were superimposed using the best-fit algorithm using tooth surfaces as references. The relevant area for the measurements of volume changes was defined according to previous studies on ridge contour alterations (Fickl et al. 2009; Thoma et al. 2010; Schneider et al. 2011 ). The relevant area was defined by the mesial and distal papillary midline, the mucogingival line and the alveolar crest. As this area was different in size for each site, the mean change of volume per area was calculated, resulting in a distance in labial direction. By doing so, different sites could be directly compared in terms of volume changes irrespective of their size and the size of the measured area (Fig. 3) . Before the initiation of the study, the reproducibility of the volumetric measurement method was evaluated and an intraclass correlation coefficient of 0.91 was calculated for two consecutive measures.
Assessment of pain
Visual analogue scale (VAS) was used to evaluate the pain level during the 1st week of postoperative healing period. A 100 mm horizontal linear scale with "none" at the left and "unbearable" at the right end as verbal end points was prepared. Forms were given to patients just after completion of the operations, and they were asked to mark the pain value that they feel at the end of each day. Forms were collected on the day of suture removal, and the distance of the mark to the very left end of the scale was measured using a ruler and noted as mm values.
Statistical analysis
Data obtained thereof were subjected to nonparametric tests. The Mann-Whitney U-test was used for the comparison of the related data between independent control and test groups. The Friedman test is used for the comparison of paired observation (four evaluation time points) in each group. If the difference was evident, Wilcoxon signed rank test with Bonferroni correction was used for pairwise comparison. The distributions of categorical data (gender and missing teeth) were subjected to chi-squared test. The level of significance was set at P = 0.05. The statistical analyses were performed using a statistical software package (SPSS version 17 Chicago, IL, USA).
Results
Patient demographics
During the study, all patients showed uneventful healing in the area of surgery. Intraoperative or postoperative complications including bleeding, necrosis and abnormal swelling occurred neither at the recipient nor at the donor sites. In the control group, three patients had to be excluded due to different reasons during the follow-up period (two were moving to another city and one patient's general health did not allow for follow-up visits). The demographics of the patients are provided in Table 1 , and distributions of missing teeth are depicted in Table 2 . Demographic variables and location of the treated edentulous areas were similar at the beginning of the study for both groups (P > 0.05).
Volumetric measurements
The primary parameter in the volumetric analysis was the change in soft tissue volume in the area of tissue augmentation between baseline and 6 months. The selected area used for volumetric measurements was similar in both groups (P = 0.20) ( Table 3 ). The thickness of the connective tissue graft was measured in both groups. No statistically significant differences were observed between groups (test; mean: 1.41 AE 0.08 and control; mean: 1.4 AE 0.08) (P = 0.93).
Volume gain after surgery, expressed as a distance in labial direction from calculation of volume per area, was documented in both treatment groups. In detail, at 1 month after surgery, (t 0 -t 1 ) a gain of 1.21 mm, range 0.74-2.47, was recorded in the test group and 1 mm, range 0.37-1.45, in the control group. At 3 months, the soft tissue volume change (t 0 -t 3 ) was similar in both groups and amounted to 1.26 mm, range 0.50-1.71, in the test group and 1.18 mm, range 0.39-1.40, in the control group (P = 0.30) ( Table 3) . At 6 months, the volumetric gain compared to baseline (t 0 -t 6 ) was significantly higher in the pedicle group (1.18 mm, range 0.16-1.75) compared to the free connective tissue group (0.63 mm, range 0.28-1.22) (P = 0.03). At 6 months, the control group had lost almost half of the volume gain recorded at 1 month. No statistically significant differences were observed between the pediculated and free connective tissue graft group (P = 0.80) at 1 and 3 months (t 0 -t 1 and t 0 -t 3 ) ( Table 3) .
The mean shrinkage in soft tissue volume between baseline and 6 months was statistically higher for the control group (47%) compared with the test group (6.4%) (t 0 -t 6 ). Slightly higher volume gain was observed at 3 months in both groups without any statistically significant differences between the two treatments (t 0 -t 3 ) (P > 0.05).
Clinical periodontal parameters and pain levels
Clinical periodontal parameters including PCR, BOP, PD and CAL were recorded at teeth adjacent to the defect area and are displayed in Table 4 . Changes of these parameters were recorded in both groups during the treatment; however, PD and CAL parameters remained within the limits considered healthy during the observation period in both groups. Pain levels showed no statistically significant differences between the study groups at any time point (P > 0.05).
Discussion
The results of the present study demonstrated both free and pediculated connective tissue grafts to lead to successful soft tissue volume augmentation in Seibert Class I ridge defects. The median contour gain in labial direction at the 3-month follow-up measured 1.3 mm in the test and 1.2 mm in the control group. The VIP-CTG (test group) was advantageous with respect to maintaining the augmented volume during the entire 6-month observation period compared to the free CTG. Between 3 and 6 months, a mean shrinkage of almost half of the volume (47%) occurred in the control group while most of the augmented tissue remained stable in the test group (mean shrinkage 6.4%). The treatment modality did not have an impact on periodontal health at adjacent teeth. Both techniques were equally tolerated by the patients in terms of postoperative discomfort. The augmentation of alveolar ridge defects can be indicated in various clinical situations to improve esthetics, function, hygiene and long-term tissue stability. In general, a lack of tissue can be reconstructed either at the bone level using bone augmentation procedures (H€ ammerle et al. 2008 ) or at the soft tissue level by the use of connective tissue grafts (Thoma et al. 2009 ). Usually, bone augmentation procedures are performed in connection with implant site development or for the reconstruction of extensive ridge defects. However, for the development of pontic areas, especially ovate pontics, sufficient soft tissue thickness is necessary allowing for conditioning the pontic area (Abrams 1980; Garber & Rosenberg 1981) . Creating an appropriate soft tissue condition and pontic design improves function, esthetics and cleansibility (Calesini et al. 2008 ). The augmentation of ridge defects with soft tissue grafts is a well-documented approach in mucogingival surgery. Results of pre-clinical and clinical studies have been shown different techniques to be successful (Abrams 1980; Langer & Calagna 1980; Seibert 1983b; Seibert & Salama 1996; Kim et al. 2012; Zucchelli et al. 2013) . Despite their successful clinical application, there is little knowledge regarding the long-term behavior of the grafts in the augmented area in terms of volume stability.
In a recent clinical study, the stability of the augmented peri-implant tissues was measured during 1 year following bone and subepithelial connective tissue grafting (Schneider et al. 2011) . The same techniques as in the present study were applied for assessing the volume changes over time. Only minimal changes (0.04 AE 0.31 mm) were observed in terms of soft tissue contour reduction at the labial aspect of the augmented area between the post-surgical and the 1-year follow-up examinations (Schneider et al. 2011) . The investigators concluded that the clinical methods applied were associated with a high degree of stability of the augmented tissue volume. The results of that investigation, however, cannot directly be compared to studies on edentulous areas without implant insertion and bone augmentation.
A recent animal study in dogs assessed the effect of soft tissue augmentation at edentulous sites without implant placement comparing different methods and materials (Thoma et al. 2010 ). Sham-operated control sites were compared with autogenous subepithelial connective tissue grafts and a newly developed collagen matrix. Volume changes of the grafted areas were followed for 28 and 84 days using the same method for evaluation of contour changes as in the present study. The CTG resulted in mean volume gain in buccal direction of 1.5 mm at 28 days and 1.4 mm at 84 days. Similar changes were observed in the collagen matrix group (1.6 and 1.4 mm respectively), whereas the control sites showed a slight mean decrease in contour from 0 at 28 days to À0.3 at 84 days (À0.3 mm). In the present study, a similar amount of mean tissue gain was observed as compared to the above-mentioned animal experiment. Between the post-augmentation and the 3-month observation, stability of the augmented volume was recorded in the present study. At 6 months, however, the CTG group demonstrated a significant loss of the augmented volume. The augmented volume in the test group in contrast had remained stable between 3 and 6 months. Direct comparison between the two studies is difficult due to the different designs (animal vs. human, size and location of defects) and follow-up periods. No comparative data on volume changes over 6-month periods are currently available from other investigations.
Only very few clinical studies are available on soft tissue augmentation in pontic areas (Allen et al. 1985; Studer et al. 2000) . Only one recent three-armed study compared free connective tissue grafts including an epithelium layer (FGG) and free subepithelial CTG and untreated sites (Studer et al. 2000) . Cast models from impressions obtained before treatment and after an observation period of 1 and 3.5 months were analyzed for volumetric changes using the Moiree method (Studer et al. 1997 ). The CTG group showed more volume gain after augmentation than the FGG at both follow-up time points. After 1 month, the mean volume gain was 187 mm 3 in the CTG and 117 mm 3 in the FGG group. At 3.5 months, a decrease in the soft tissue volume of 15% occurred in the CTG group and 11.1% in the FGG group. This difference of only 4% between groups can be considered clinically insignificant.
In the present study, a high degree of volume stability and even a slight volume gain was observed between 1 and 3 months in both treatment groups. This is in contrast to other studies reporting the tissue volume changes to occur mostly during the initial phase of the wound healing process following the augmentation procedures (Studer et al. 2000; Lindhe et al. 2008) . Possibly, the defect morphology and location within the dental arch, the graft composition, the surgical technique and the provisional prosthetic rehabilitation could have an influence on the tissue healing and volumetric alterations at the recipient site. Also, a higher number of patients with an even distribution between treatment groups would provide more solid data in future investigations. In the present study, the graft shrinkage, as mentioned in the other investigations (Studer et al. 2000; Lindhe et al. 2008) , occurred only between 3 and 6 months. This finding is somehow surprising, because the most pronounced alterations were expected to take place within the first 3 months. However, available clinical studies reported on shorter-term data and did not include observation periods of the same length as in the present investigation. It has been recommended not to initiate final restorative measures until 6 months after ridge augmentation procedures, because qualitative and possibly quantitative alterations can occur during this period due to maturation (Lindhe et al. 2008) . This statement is supported by the findings in the present study. However, it is possible that Mean values AE standard deviation. * Statistically significant between groups at baseline (P = 0.03). † Statistically significant within groups at 1 month (P = 0.02). ‡ Statistically significant within groups at 6 months (P = 0.03). § Statistically significant between groups at baseline (P = 0.002). ¶ Statistically significant between groups at 1 and 6 months (P = 0.05). ** Statistically significant between groups at 3 months (P = 0.03).
conditioning of the augmented area using pontics would again influence the tissue behavior and lead to different results. This, again, should be addressed in future research. The difference in loss of volume between groups in the present study could be explained by a better blood perfusion in the test group. This may lead improved graft integration and less soft tissue resorption compared to the control group. No vertical incision was performed at the recipient area in order to allow for better blood supply from the lateral direction in addition to the pedicle part. It must be recognized, however, that the test group showed remarkable variability in soft tissue volume change at three and especially 6 months leading to a large standard deviation. A possible explanation could be the technically more demanding surgical procedure, the variation in graft quality and the individually different perfusion of the pediculated graft. In the control group, a free connective tissue grafting procedure was performed (Garber & Rosenberg 1981) . In this procedure, the initial incision at the recipient site may be made in various ways such as apico-coronally or mesio-distally. Performing the incision mesio-distally on the crest of the ridge without additional incisions, as it was carried out in the control group, offers the advantages of minimizing the risk for perforations close to the defect area and of keeping the blood supply from the surrounding buccal tissues intact.
Another aspect regarding tissue stability could be the graft thickness. In the present study, the thickness of the connective tissue graft was measured in four areas using a caliper and was kept identical in both groups to investigate the influence of the pedicle rather than the thickness of the graft. However, the additional influence of the thickness and also possibly the quality or histological composition of the graft would be of great interest for future research.
As different methods and parameters were being used for the evaluation of soft tissue augmentation procedures, it is difficult to compare the outcome of the published studies (Thoma et al. 2009; Ronay et al. 2011) . A novel approach for the measurement of contour changes has recently been introduced and applied in different studies including the present one (Windisch et al. 2007; Fickl et al. 2009; Strebel et al. 2009; Thoma et al. 2010; Schneider et al. 2011) . In this novel, method impressions of the clinical areas under investigation are being taken. These impressions are subsequently transformed into cast stone models. These models are then optically scanned, and these digital scans are further used for analysis. A particular software program allows linear and morphological assessments of the area under investigation. This software further allows superimposing different digital scans for assessing differences in linear and volumetric data between various clinical time points and situations. This method allows for highly accurate measurement in the region of interest. However, the accuracy of this method is especially influenced by the quality of the impression and of the cast fabrication as well as the presence of stable reference points or surfaces. Advantages of this method include the possibilities for linear and volumetric measurements, comparison of different clinical situations and time points, comparison of data from different studies, easy storage of the data, transfer of the data via the Internet, assessments of large samples demanding little resources and costs. All these technical and handling benefits will hopefully allow this method to be more widely applied in future studies, thus allowing to gather sound comparative data on the clinical effects of different volume augmentation procedures.
Conclusion
Within the limitations of this study, it may be concluded that both soft tissue augmentation techniques were effective in increasing the volume of defective alveolar ridges in single tooth gaps in the anterior maxilla. However, possibly due to better perfusion, the pediculated connective tissue resulted in less shrinkage of the graft during the 6-month healing period. Neither of the two techniques had an effect on clinical periodontal parameters at the adjacent teeth during the followup period. Also, no difference was observed in postoperative pain. Further studies with larger patient populations are needed to verify the present findings and to evaluate soft tissue gain by different soft tissue augmentation techniques.
